Abstract
RESULTS
The 5 year patient survival of kidney transplant recipients with and without hepatitis C cirrhosis ranged from 31% to 90% and 85% to 92%, respectively. Hepatitis C kidney transplant recipients had lower 10-year survival when compared to hepatitis B patients, 40% and 90% respectively. There were no studies that included patients with virologic cure prior to kidney transplant that reported post-kidney transplant outcomes. There were no studies of direct acting antiviral therapy and effect on patient or graft survival after kidney transplantation.
INTRODUCTION
Patients with hepatitis C virus (HCV) cirrhosis undergoing kidney transplantation only have lower post-transplant survival rates compared to recipients without hepatitis C or cirrhosis [1] . After the implementation of the model for end-stage liver disease (MELD) scoring system for allocating liver transplants, the number of simultaneous liver-kidney transplantation has increased by 300% [2] . Some of these patients may have relatively well compensated cirrhosis and patients with well compensated cirrhosis but kidney failure may receive a MELD score of 20 based upon a creatinine of 4 mg/dL. These patients may have compensated cirrhosis without complications of portal hypertension. Thus, kidney failure, not liver failure may be the driving factor for priority for liver transplant in this subgroup. This is particularly relevant in areas of the country where patients may receive liver transplants at relatively low MELD scores compared to areas with higher demand.
The reason for dual listing patients with hepatitis C cirrhosis and kidney failure who may be well compensated is the concern of decompensation after liver-kidney transplant. Immunosuppressive therapy to prevent rejection increases the titers of HCV RNA and immunosuppression has been associated with accelerated hepatitis injury such as fibrosing cholestatic hepatitis C [3] . However, the impact on treating and curing candidates before or after kidney transplant has not been well studied. The high virologic cure rates may have important implications for patients in kidney failure with hepatitis C and advanced liver fibrosis.
The guidelines for liver kidney transplant are conflicting or without detailed recommendations. The AASLD and KDIGO guidelines do not directly address the issue of isolated kidney transplant in the setting of cirrhosis or advanced liver fibrosis. The EASL guidelines state that patients with established cirrhosis and portal hypertension who fail (or are unsuitable for) HCV antiviral treatment, isolated renal transplantation may be contra-indicated and consideration should be given to combined liver and kidney transplantation [4] . Patients with symptomatic or presence of portal hypertension are considered candidates for kidney-liver transplantation [2] . There is no consensus for patients with hepatitis C and periportal fibrosis or bridging fibrosis who are kidney transplant candidates.
The aim of this systematic review was to assess the outcome of hepatitis C cirrhotics undergoing kidney only transplant and suggest areas for further study in patients with hepatitis C and advanced fibrosis who are kidney transplant candidates.
MATERIALS AND METHODS

Literature search
We conducted online electronic searches (published human clinic trials in English) of the National Library of Medicine's (Bethesda, MD, United States) MEDLINE database, Cochrane Library and manual searches of selected specialty journals to identify any pertinent literature. Three MEDLINE database engines (Ovid, PubMed and EMBASE) were searched using the key words "cirrhosis", "cirrhotics", "chronic hepatitis C", "renal transplantation", "kidney transplantation", "mortality", "graft outcomes". The references of articles were reviewed for additional articles.
Inclusion criteria
Clinical studies (prospective and retrospective) from the last 20 years on kidney transplant recipients with HCV cirrhosis (both compensated and decompensated) were included. The studies required a minimum of a 1 year post transplant follow-up with information regarding graft and patient survival outcomes.
Exclusion criteria
Studies not published in English or published only in the abstract form were excluded.
Primary end point
To compare post kidney transplant survival in hepatitis C cirrhotics undergoing kidney transplant alone to recipients without hepatitis C and without cirrhosis.
Source of support
This systematic review was not supported by any pharmaceutical company, governmental agency or other grants. Figure 1 shows studies [5] [6] [7] [8] [9] in patients with hepatitis C who underwent kidney transplant only. Five studies were identified that included 2511 patients. Of these 2511 patients, 458 had hepatitis C while 69 were confirmed to have cirrhosis based on a liver biopsy. The mean age ranged from 35 to 57 years with a male to female ratio of 1.73:1. The study by Mathurin et al [6] consisted of 66%
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Europeans and 31% Africans, while in most of the other studies 66%-79% of the study population was AfricanAmerican. The most common etiology of kidney disease was diabetes mellitus. Only one study provided the mean MELD score (20.6) [9] . Data on hepatitis C genotyping was not reported in any study. In all the studies the donors were deceased donors. One patient in the Mouquet et al [5] study was coinfected with hepatitis B. Two studies reported the specific immunosuppressive regimen with either cyclosporine or tacrolimus.
Outcomes of studies
The studies reported either 1, 3, 5 or 10 year survival of HCV cirrhotics vs non-cirrhotics. One year and three year survival were available for 3 studies. The 1-year and 3-year patient survival was 88.9% to 95% and 37% to 90% in cirrhotics vs 95% to 96.3% and 76% to 90% in non-cirrhotics. The 5-year and 10-year graft survival was 31%-90% and 33% ± 11% in cirrhotics when compared to 85%-92% and 69% ± 7% in non-cirrhotics. Mathurin et al [6] reported that the presence of cirrhosis (P = 0.02) and HbsAg positive status (P < 0.0001) were associated with poor 5 and 10-year survival, 84%
± 7% and 33% ± 11%, respectively. Maluf et al [7] demonstrated the Knodell histology score was associated with mortality in hepatitis C kidney transplant patients (P = 0.012). The study by Campbell et al [8] reported that survival after kidney transplant only in recipients with hepatitis C was similar between patients with minimal liver fibrosis compared to patients with advanced fibrosis. Paramesh et al [9] reported kidney transplant alone to be safe in compensated hepatitis C cirrhosis; HR = 1.4, P = 0.7817 compared to graft survival in non-cirrhotics: HR = 0.81, P = 0.758) (Figure 2 ).
DISCUSSION
Individuals with chronic hepatitis C with advanced fibrosis and kidney failure who undergo kidney transplant alone are believed to have lower long term survival although there are surprisingly few studies on this patient population. Furthermore, there has not been consistent results among studies reporting outcomes of isolated kidney transplant in hepatitis C infected recipients. The concern about isolated kidney transplant alone in a patients with hepatitis C and advanced liver fibrosis is that the liver disease will progress to decompensated cirrhosis and liver failure in the setting of immunosuppression after kidney transplant. The progression of liver disease from hepatitis C after kidney transplant was of particular concern during the interferon era because of limited therapy for hepatitis C. Interferon is associated with low virologic cure and high adverse events including graft rejection. However, with the development of interferon free regimens and direct acting antiviral agents the need of combined liver-kidney transplant in hepatitis C patients who have hepatitis C and advanced fibrosis or compensated cirrhosis needs to be readdressed. Patients with cirrhosis after kidney transplant may be at a greater risk of immune dysfunction and developing lethal infections because patients with cirrhosis have multiple immunological defects. Cirrhotic patients have reduced cell-mediated immunity [10, 11] reduced neutrophil phagocytic ability [12] and impaired macrophage Fc receptor function [13] . In the setting of immunosuppression the risk of infection in patients with cirrhosis is likely higher than without immunosuppression. However, if liver fibrosis regresses then the risk of infection may be reduced. In a 10-year study following 51 kidney transplant recipients with hepatitis C who underwent serial liver biopsies, Kamar et al [14] showed that HCV infection was not associated with worsening liver histology in 50% of patients. Furthermore, there may be regression of liver fibrosis in some patients after kidney transplantation [15] . In fact, Paramesh et al [9] concluded that the presence of cirrhosis in HCV-positive patients is not a significant variable affecting either graft or patient survival.
One strategy is to of treat all chronic hepatitis C patients with direct acting antiviral therapy while waiting for kidney transplant. The regimens that are currently available include sofosbuvir/ledipasvir, sofosbuvir/daclatasvir, and paritaprevir/ritonavir/ombitasvir/dasabuvir. Each of these regimens may require the addition of ribavirin depending on patient characteristics such as genotype or presence of cirrhosis. Sofosbuvir is renally cleared and not indicated in patients with glomerular filtration rates less than 30 mL/min. Ribavirin is renally cleared and although there is renal dosing for ribavirin it may be associated with a 2-4 g/dL drop in hemoglobin which may not be tolerated in some patients with kidney failure. Thus, given these limitations many patients with kidney failure may not be candidates for therapy with the currently available direct acting antiviral agents. Paritaprevir/ritonavir/ombitasvir/dasabuvir has been studied in patients with hepatitis C and kidney failure with virologic cure rates exceeding 85% [16] . There are other direct acting antiviral agents in development for hepatitis C patients with kidney failure that will provide additional treatment options for this patient population.
During the era of interferon based regimens for hepatitis C high rates of rejection in kidney transplant recipients was reported. Rejection rates of 40%-60% were reported with interferon based regimens with rare cases of graft loss [17] [18] [19] [20] [21] [22] . The mechanism of rejection is believed to be the immune mediated injury from interferon. The direct-acting antiviral agents regimens are interferon free and due not stimulate the T cell response and should not be associated with rejection. The direct acting agents have been studied in liver transplant recipients with virologic cure exceeding 90% and acceptable safety profile with little or no rejection [23] [24] [25] [26] [27] . Although there is no theoretical reason to believe the direct acting antiviral agents would be associated with increased risk of kidney rejection this would be studied in clinical trials. Additional important findings from this review include the lack of reporting of relevant data related to hepatitis C including genotype, liver fibrosis, viral load and prior treatment history. Studies of hepatitis C in patients with kidney disease should systematically report these data in a standardized fashion. Furthermore, the number of subjects with hepatitis C and advanced fibrosis was small and it is likely a multicenter study will best demonstrate if there is any difference in outcomes between kidney transplant recipients without hepatitis, with hepatitis C and mild liver fibrosis, and hepatitis C and advanced fibrosis.
We suggest we should treat all chronic hepatitis C patients irrespective of the fibrotic staging; especially those that we anticipate may be on the waiting list for a longer time.
In conclusion, data are lacking or outdated on post renal transplant outcomes in recipients with chronic hepatitis C. There is no substantiated evidence on which to base a decision to perform kidney transplant alone or a kidney-liver transplantation in a patient with chronic hepatitis C and advanced fibrosis or well compensated cirrhosis. Given limited resources of organs data are sorely needed so evidence based decisions can be made on how best to allocate kidneys in patients with liver disease. The time has come to conduct a large multicenter trial in kidney transplant candidates and recipients with hepatitis C to determine how organs should best be allocated.
COMMENTS
Background
Individuals with chronic hepatitis C with advanced fibrosis and kidney failure who undergo kidney transplant alone are believed to have lower long-term survival. Surprisingly, the authors have only a few studies with inconsistent results. The concern about isolated-kidney-transplant alone is that the liver disease would progress to decompensated cirrhosis and liver failure in the setting of immunosuppression after kidney transplant.
Research frontiers
With further research on the use of direct-acting antiviral agents's (DAA's) in this subgroup of patients with hepatitis C virus (HCV) listed for renal transplant; the authors could come to a consensus to draft acceptable guidelines for better management of this subgroup of patients.
Innovations and breakthroughs
Earlier, interferon was associated with low virologic cure and high adverse events including graft rejection. This has been replaced by newer DAA's that are safe and potent with fewer side events.
Applications
The main objective is to invite hepatologist, transplant hepatologist and transplant nephrologist to consider DAA's in all HCV patients on the renal transplant list.
Terminology
DAA's: Directly acting anti-virals.
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